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„ nv missing data, steam tables and charts 
Remarks: (answer the following questions, assume a y 

allowed) 
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Problem number (1) 



{15 Marks) 



(4 Marks) 



a) Explain the two statements of the second law of thermodynamics? 

b) Define the coefficient of performance of a refrigerator. Can it be greater than one? 

(4 Marks) 

c) An engine operating on the Carnot cycle between the temperature limits 500 K. and 350 K 
receives 1000 kJ of heat and the heat rejected is delivered to a building for heating 
purpose. The work from these engines drives a heat pump operating on the reversed Carnot 
cycle between the temperature limits 225 K and 330 K and the rejected heat is delivered to 

the same building. Calculate the total amount of heat which delivered to the building. 

(7 Marks) 



Problem number (2) 



(15 Marks) 



a) What three different mechanisms can cause the entropy of a control volume to change? 

(4 Marks) 

b) Is a process that is reversible and adiabatic necessarily isentropic? Explain. {4 Marks) 

c) One kilogram of liquid water is heated from 20 °C to 90 C. Calculate the entropy change, 
assuming constant specific heat, and compare the result with that found when using the 



steam tables. 

Problem number (3) 



(7 Marks) 



(15 Marks) 



a) Plot reversed Brayton. Stirling and Ericsson cycles on P-V and T-S diagrams? (4 Marks) 



b) Do diesel or gasoline engine operate at higher compression ratios? Why? 



(4 Marks) 



c) An air standard Otto cycle has a compression ratio of 8. The pressure and temperature at 
the beginning of compression are 1 bar and 27 ° C respectively. The heat transfer to the air 
per cycle is 1600 kJ/kg of air. Determine the following: (1) the pressure and temperature 
at each comer of the cycle. (2) The thermal efficiency of the cycle. (3) The mean effective 



pressure of the cycle, 



(7 Marks) 



P.T.O. 



Page: 1 / 2 



II II 111 



Problem 

a) How can we increase the efficiency of Brayton cycle 

a realistic model for steam power plants? 



(4 Marks) 

b) Why is the Carnot cycle not a realistic mouei um 1 ” 1 ** Marks) 

c) A freezer is maintained at -7 °C by removing heat from it at a rate of 80 kJ/ min. The 
power input to the freezer is 0.5 kW, and the surrounding air is at 25 °C. Determine (1 ) .he 

reversible power, (2) the irreversibility, and (3) the second-law efficiency of the freezer. 

(7 Marks) 



Problem number [5} 



(15 Marks) 



(4 Marks) 
(4 Marks) 



a) Explain Linde- Hampson system for liquefying gases? 

b) What is cascade refrigeration system? What are the advantages ot it? 

c) Consider a steam power plant operating on the ideal reheat Rankinc cycle. Steam enters the 

high-pressure turbine at 15 MPa and 600 °C and is condensed in the condenser at a 
pressure of 10 kPa, If the moisture content of the steam at the exit of the low-pressure 
turbine is not to exceed 9.0 percent, determine (a) the pressure at which the steam should 
be reheated (b) the thermal efficiency of the cycle, assume the steam is reheated to the 



inlet temperature of the high-pressure turbine. 



(7 Marks) 



With my best wishes 
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Remarks: (answer (he following problems.,, assume an> nil ^ 



Problem number <1 [ 



(20 Marks) 



a ) Determine the roots of 2 4 + 1 = 0 . 

b) Find the image of the line Re(z ) = 1 under j (z ) — z ■ 

c ) Find all values of z such that 1 ) e : * >/5 + i 2) cos z - 

d) Verify w(jc ,y ) = x 1 — 3 xy ' — 5,y is harmonic in the entire complex plane. 
Then find the conjugate harmonic function of u. 



Problem number (2) 



(25 Marks) 



Evaluate the integrals: I ) [ e'dz 

where C is the ellipse (x — 2) 2 + (y — 5) ? /4 = 1 . 
Evaluate J 



dz 



z 3 + 3 



z(z -/) 



dz ,whcre C is shown as 



i 



5 Marks 
5 Mar* s 



5 Mart: 






5 Mart ; 



Marks 



5 Marks 



Let C be the unit circle, for any real constant o, find the value of J p 
Then show that f e a m0 cos (a si n 6)d B — np. 



Evaluate the Cauchv principal value of \ — - — 

** (x + 



lXx 2 +9) 



Problem number (3) 



(20 Marks! 



a) „ | 

Expand / (z) = 



in a I>aurent scries valid for I < lz - 2\ < 2 



z(z -1) 

b) Find the general solution of the following differential equation 

y "+ (cos x)y = 0 . 



Problem number (41 



(20 Marks) 



-i 



Prove that J(ln ) 2 dx = a^fn . 

0 

Find the general solution of the following differential equations 
• x 2 y*+xy' + (at 2 x 2 -v 2 )y =0. 



xy 0 + 3y ' + 9y =0 



With my best wishes 



Dr. Waheed Kama! Zahra 
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Question number (21: 

A) Assume the conduit shown in {Figure 



(20 MarL 

in a l sections 1 and 2 



-A.vMimc me vuiiium n in irufiirc — " mtiuuhh i 3 

respectively. If water is flowing in the conduit at a velocity of I6.f> ft/s at section 2, Find the following: 

(a) velocity at section I, (b) volume flow rate at section 1, fc) volume flow rate at section 2, [dj weight flow 
rate, and (e) mass flow rate. 

Given: Density of water (p- = 62.31b_/ft 3 l . acceleration of gravity fg = 32 ft/s 1 ! 

© 



Fluid flow 



B) 



Finnic 3 



Calculate the surface tension it the pressure difference between the inside and outside of a soap bubble of 
3mm diameter is 18 N/m\ 



C) Derive an expression for Euler’s equation of motion for one dimensional non>viscous fluid flow. 



Question number (3) : 

A) Is the following equation dimensionally homogeneous? 

a = 2d / 1 2 



(20 Marks) 



2vjt 



Where, a-acceleration, d =distancc, v„= velocity, and t = time. 



B} Derive an expression for the Pressure variation due to elevation in a static fluid. 

C) Write short notes (use clear drawings where relevant) about three different systems of measuring pressure. 



Question n umber (4): (20 Marks) 

A) A Venturi meter fitted in a 15 cm pipeline has a throat diameter of 7.5 cm (Show n in Figure 3) . The pipe 

carries water, and a U-tubc manometer mounted across the Venturi has a reading of 95.2 mm of mercury. 
Determine: 

1. The pressure drop in Pascal's, indicated by the manometer 

2. The ideal throat velocity' (m/s) 

3. The actual flow rate (I/s) if the meter C d is 0.975. 

Given: Density of water (p» = 1000kg/m 3 ' 

[Density of mercury - 136Q0kg/m 3 l 



2 



Figure 3 



Describe the following expressions with short words (use clear drawings where relevant) 



Reynolds Transport Theorem. 
Fluid as a continuum. 
Viscosity. 

Absolute Pressure. 

Streak Line. 



2- Vena Contracta 

4- Lagrangian Description of fluid motion 
6- Specific Weight. 

8- Centre of Buoyancy 
1 0" Velocity Fie ld. 



With Best Wishes. t ^ 
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Remarks: (Answer all the following questions, Assume any missing data) 

H Question number . ( . 1 L- ™ (jt) M.okt; 

A) Consider a j-lass container, halMiill of water mid half full of ait, at rent oil a folwrulttry ta|d« Mb/* n in 
h Sfiti . f*f t) . List some similarities unit diffemncs between the liquid (water; and Ibe jfas fair; 

— * Air i 



Wafer 



si< * #* 






C) 



D) 



I i !' II re J 



^^l“*. WB ^ r “'.. ,hC . SUrr *“ W “" “ ">«> Y»‘ •" pressure of I bar, At 

W . Determine the pressure a I Hint point. 



certain depth in water, the density was found to he 1055 ka/m 
(iiven: The hulk modulus is 2290 X m* N/m 1 



Mark the following statements with true or falie i ~ 

»- Poise is the unit used to measure the density and it equals (U Jtn/m* 

' he V"*" ' aW "" •" volume and „ ta different ,„ r 1 

3- All liquids exhibit a free surface known as meniscus when it la In 

4- Even though Bernoulli'., equation i, derived lor invlLid n.o . . " V!, "" r " r 

real fluids when the viscosity in utttall. *’ '* pr " v *‘ ,c * a V"d estimation for 

5- Dtlatanl fluids exhibit a decrease in viscosity with Increasing shear stress 

■” ' d dcf ° rm!l co " tln “ <>l »»ly under the a ction of shear force, however small 
■ • '* nk 20 ft dee P and 7 ft wide is layered will. S fl of oil, ft ft of v * ” 

II* Compute the total hydrostatic force. ’ " * •■”•**«* j u mSSSSl > n rieur *. 
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Answer All The Questions With Neat Sketches Whenever Possible:- 

Qfll: - (15%) 

fl) Define the following;- 

(i) link or element, (ii) kinematic pair, (iii) mechanism, (ivj machine, (v) structure, 
(vij mechanics, (vti) mobility. 

(b) What are quick return mechanisms? Where are they used? Sketch and explain 
the functioning of any one of them (and find time ratio?). 

(c) Sketch and describe the four bar chain mechanism. Why it is considered to be the 
basic chain. 

<2121:- (1S%) 

(a) Explain how the velocities and accelerations of a slider and the connecting rod 
M obtained in a slider crank mechanism ?. 

(b) For the configuration of a slider rr.nk mechanism shown in the following figure, 
find |fte velocity and acceleration of slider at 0 

ft!) The velocity and acceleration of point E 
(iii) The angular acceleration of link AB 



The crank rotates at 20 rad/sec counter clock 



wise. Given: OA=480 mm; AB-1600 



mm. 



< 




fldii- as %) 

(a) 'ikf’tch an intermittent rriAt 

(b) Ii 

and r 




mm: 




Fig.(Q3(b)J 

Q(4h - (15%) 

(a) Define the following:- 

Module - Velocity ratio - Circular pitch - Diametral pitch - Base circle diameter * 
Pressure angle - involute - Normal pitch. 

(b) State and prove the law of gearing of gearing. Show that involute profile satisfies 
the conditions for correct gearing. 

(c) A shaft running at 2000 rpm from an electric motor carries the first gear wheel (T 

= 18 teeth). The second shaft was the second to the first gear box and the input to 

the second gear box (which has four spur gears). The fourth shaft in the second gear 

box carries output pulley which has diameter 500 mm and runs with linear velocity 3 

mt/sec. Find the suitable teeth numbers and the dimensions of gears, if module 
m=4mm. 



Q(5): - (15%) 

(a) Write short notes on the cams and followers? Explain with sketches the different 
types of cams and followers, 

(b) With the data given below the follower moves with uniform acceleration/ 
retardation during ascent and with S.H.M. during descent. Draw the cam profile 

..Least radius of the cam „ H 

= 3 cm. 



..Angle of ascent 

..Angle of dwell between ascent and descen 
..Angle of descent 

..Lift of the follower 

..Offset of the roller 



= 80°. 

= 60°. 

= 120 °. 

= 4 cm. 

= 1.5 cm. 



If the cam rotates at 300 rpm, determine the maximum velocity and acrel B t- r 
■he follower g „ !cent ^ 




( 2 ) 




X 



SIfilr (10%) 

(a) Rgure[Q6(a)J shows the layout of a quick return mechanism of the oscillating link 
type, for a special purpose machine. The driving crank BC is 30 mm tong and time 
ratio of the working stroke to the return stroke is to be 1.7. If the length of the 
working stroke of R is 120 mm, determine the dimensions of AC and AR, find the 
number of degrees of freedom. 




f - * • J t i ' ‘ ' ' * 

Tf/J n TTTTTff 



Fig.[Q6(a)J 

(b) Define the flywheel? what is its function? Who, is the coefficient of fluctuation ? 

(c) From the figure 106(b)] draw graphically the pass of point M . 




F«g.[Q6(c)] 



(((With My Best Wishes)))... 



* ■ m 



nr 



C -\f\\ J<. 
■» 

■ JL- . JL. ». ^ \ 

* 



J '4 



f * 4 J 1 



/v< 



J 



f| c \< t$ywi^ ^ t ' 

O ^ 5 > ^ > 1 >» 



/* 



•A . 



»* > 4 > U£I> 






K 







**J * f* 



3 



oin^ 



— j 



i r * 



tf. o&a aX o.^ A\- r > 







f CO — ft tjr.tck tuavleci cfosc^jf - £fldl CjKrvctejr 

'"'•as r^/de d*amel>r rA 20 0 ^ ^ o^dl outside. cT» fleeter o% 

530 *w\ ~tW c*jl »^tier *»5 subjected- ffr an \ *Vte<*a\ ?la«dpv e^^rg 

C^r I SO ll<*e p f I f\ £ f p a( fp t T(? 5 ^ cs (X vvd vA&Xtf*»£M* 

3K ear st*<t-ii ol a po.flt on Ae '.rts/i/fe- *u.rV aC e o? tta. tuWnier 

e-rw.o* jx*. ,f,CTec^sfe '«» tnsuie. dinme^r dv,n fa 

re ss ufe < u^iere ( ^ = ^2 GP<* ^ yu ^ 0 - 33 ). 

4 L — 



ft "S © cLe t\ 







» 



C 2 ) Art CCC&wtfi f ^ 1 )m 

lap WveterfjoinT *,s"fe be 

^©r ^ steel 

btacW€."t as 5 ^ou)f\ iix 

Wa. 0 ) • *ke boxckeX is 

\0 c*«\ s thick. AV\ ri 

are X*? i>e &g 

Tke. V® 



f 

I 

To 

|f 

3 i 



|^ — 

H 5 ° - » t+ ■ H w *»3 







] — 
r -j- 


~r 






f ! 

-f- 1 

1 

1 


Q -»- 




v *: 




a- 



- 

™ 4 <3r ’- 'XVe "o^OLekct arcs 

900 K** . Tt* 

*<■ i v-fets 






CO 



T => » N 2 0 O 'VC* 

__ a - 5 C- ' T, “ r "'' t ' l! C = SO ww S ,WejL 

Jit tl IT * C ^ ' u ^" 6 ** *•■ 't'veU % bT 

T W tke A omt u,We jKil perv^\ssble_ 

1 - £ \< } C.'rA^* £" ^ — 

att* ~* 



tl<£> 





i, N & . aw. ' o ! 

J C 3 ) — * *>r*ck*t o>s iWoiun '» 'P-^j-Cz) 

Garf;«s a Cjo-d c | |o KM'. TtW. 
St^e- cJr Ake uie-tgl $ ^ 

a,!w&W e stress ,s r.ot 

80 N/^jJ: . 



®.te_ as 



■^40 0 KasjfcM 



I 






tl (^+.A) fe 



^I'Z. 
















C'+'l 



ft +1*1 fia* an «*/ a * To- *• «T •MV#' #/®# ^ •* 20f> v»W> axde * 

£> txi/t J »p««* o4 0 



and /rcm‘;v*ii f v 60 







f 



//• | 




i5 



u-rned ct'osxd CoyVt | « 



puHeu 7 i> <x Qoo wsva df^wvct<'< 
jSp<xcJvaa ©t 6 y6 - 




jf / v#' n 



U*r 

<a 1 j t>C w* <A*w**nj 
pullnu £*/ a, fcka^t j 



a. 



IdJk- t>*At ienosta* \oa£t'^ 6 ia a 

4rict»on 0*38 




i c * ♦- 









G^CatJi yav y\ ' v> v> w\ V->c\t 

Str&<$ ov\ Z-ksi. telt is 



JLW % r.K $ JtW a \\ ov j le. 



Iff K« -s j C 






Co Yft ^><iJilSL jt&2- belt (jtA^ ^V\fit CAVA o^\ e 



•s 






UJ r (* t> 



f*' 



(5) — $ fc>etx*A 
O.S sVmb iw v\ \* 

© t*vt X) 0-v\d 



P a 

ole 4 1 e^ct i ov\ 




5m1oj«.<A££L J® [&CKcU 5© Htf ^ 25 KK 

"J) e*t w\ Vri€- Itk# d £.■? l c oti7"n <%X 

C*W& %V\e pftsi'ttovv <*<? m^xi***** 



© 



* ^u* V^e^vA \o^twjeevA poiyvt, 1 & a^v<i po\f\t C, 



25 K// 

h 




C 







5 o KH 




, VA 

U— - — ?-U. 



±fc 



VA 




2. 



yr\ 




\- 



(,3) 



£"v^d 




ons 



L- iacK 




3>r. \A 




0.W 






MM 



fe? % ■ 
» • > ■? 






'"H ? 

SkV 2012 

Mi r2IH5:xW 4J* 

v "l4&Ui ^l j 



A,r^ J| V* >Uaw IH# 



JjVI ;y «l 

v - • * •■ “ ~ " ~ ’ ^ | | 

JUull ; 4>*J1 £« 

4* >» 50 j 




J» dH 

• J^-lf -OmjV : 




( ‘ J nH ^ jjjt 4 . 



20)3-1- 13 :n 



Al*- ,s il £***> ^ 




l-'UJjV 



1 *i 



)^jlj 



.1 



l.l« d dlriMiift “w*S i-£ 



*'V *^ w^~J U'jU. ‘2^2 Li. JU*41 ^ ji ^C- 1 0% lA jtjiu Aki . u J » JjUj ^j43 j& *_i ^*0*11 ,j-» 

:-^M* 3600 S *•»*«»— 

4h«P a -bis J\ iiUaVb J^V> 6* <i>- ^ jill Jl-U- JS Ijl Ja Ji}} 

U*jMl JS-1. Ailjin 5-1*11 ^ o^jiH jlA- <jl£ |jl J* jil! 



• ^ 



t* -1 



(*».>> IQ) 

1 0 n JJUitt <lnii ^ ^usvi <**s 3 L. E/unit UJtsat £L3 J 4 . 8 * j 0 6 L. E/year <uGlt “ 




* i n h i 



-** US <^ 1 \ 0*1101 *IL» 5- 20% Jji-w Su* jll SjjiUl Uittsai 
^ US aaa.^13 ajjiUH *JLJISS11 *lijt £* 20% Aitlill ULILSjII 



£ tJl JjUuII <-eil 

(jAiiau pu I j} JjIaSjI <-UaJ 



LJI . i r,c t ! t ; ; ; -, 

' 2-4 unit/year 
' jrUWlv*S-1 
^uiyt v*s -2 



«■».>> 15) am jw» 



4j&LUa Hinuni j*l „julS3 



Jj) ^2 jSj' - 1 



U 4fiU ^aLkl A-jJUll oUUJt ->.U i i3j _-> 



-00H hr v-u»li J.- “nil ijicu-j >000 LE lilji— jo ^jUafivi j^dlj 30000 L.E <JVUl 

44iSj 3% ^UJl j 2% -USUII <s>A j 1 2% Siilill j JLji\ iUI <> »|^( 3 % jb ^j, »,„ 

3% < - A,C M j-i» bsA» uHJU Jajl-j 6 % cl jU _i jjLjjji j,. .j 

.tfuiru^ ^ w j^u ii> ,1^, 550 LE ^ ^ 4S0 LF ^ ls . j 

UHj „J 4 VI <i-Jl ^ JjiJi: *CL- Ji] ^JSJ, , ; ;t ,y; n _ 



40 LE/hr ^ o--^ 0-* jU»i 





3 


Jlio 


2000 


jIUj 


1800 




' 1200 


icu ! 


650 




*imyi £ljii jt .3 

uLUSjH >uaUc wmIS j V>_ j 

2 




1500 

I2(M» 



1 




<&S yUx« 



800 




500 



:*.J| fliH J|>JI linsi o*ui Je. <JJ| " 



1300 



- 4 - 



1000 



^Ull Jl>j| JLS &, 1 
^2U*Jt 



600 

300 




£Uu V 14»4 j 

JtfftaaiH ilAtU- JjeTj 



0^ 6. 1 8LE JjVl site; ^ 



JjaxJ! JLuJl/j 



sj^J Ajji^JI 4_-lxJl dij^A-II f J-V t . I 
l ^ 1 ^ 06 ^ J giij) JS ^ 5^, i.iii, iac 







